Abstract-The article define set of rules for future Electricity market structure, taking into account network codes, legislation and directives to ensure RES integration targets and Energy Union Dimensions in term of a fully integrated internal energy market and transition to a long lasting low-carbon society. Presented research studies are based on new way of power system operation development, namely Web-of-cell concept, of FP7 IRP ELECTRA. It's aiming to ensure conceptual E-market design and future power system 2030+ control solutions.
INTRODUCTION
Significant amounts of variable renewable capacity have been installed already and a lot more will be deployed by 2020 and beyond. The increase in numbers causes significant changes in power system operation manner. With one of the main objectives of the EU being decarbonizing the energy sector, by having increasing amounts of Renewable Energy Sources (RES), a reliable system operation requires increasing balancing capabilities in electric power systems [1] .
In the 2030+ power system, it is expected that generation will shift from mostly few large central generators to many smaller distributed generators. The local fluctuations will increase the activation of reserves. Flexible operation of the networks requires radically new control schemes, which enable grid operators to ensure dynamic balance and stability in a future power system with a high share of decentralized generation.
As an increasing share of intermittent generation as well as an increasing share of flexible loads will be connected to the distribution grid that is increasingly heavy (peak) loaded, it is likely that Distribution System Operators will assume an increasingly important role in keeping the system stable.
Variable renewable energy sources can affect the design of ancillary services markets in the following ways: the variability and uncertainty of wind and solar energy increases requirements for various ancillary services, affecting the scheduling and pricing of those services. Their impacts vary depending on system condition, which makes the ancillary service demands difficult to be generalized across timescales and systems [2] . Allowing variable renewable energy and demand to participate in the ancillary service markets can offer more supply to the market, but could offer challenges based on the unique characteristics of variable resources. The different type of flexibility resources connected at the different power grid levels, and their characteristics can affect power system operation and market mechanisms implementation. The interactions between the different stakeholders become more complex in an increasingly flexible power system (presented in fig.1 and fig.2 ). project [3, 4] As we are in a fundamental transformation of the electricity system by integrating high share of RES, which is driven by new Renewables Directive post-2020, ensuring a timely and cost effective achievement of the at least 27% EUlevel binding RES targets. Therefore enhanced the market design is needed to facilitate EU-wide member state centric approach to renewable deployment, where the following challenges to new electricity market design are underlined:
• Making the market work effectively -wholesale and retail;
• A coordinated approach to Capacity Remuneration; • Stepping up regional cooperation;
• Ensuring coordination and cooperation in times of crisis;
• Adapting the institutional framework.
From the Regional cooperation perspectives it is important to mention the large gains are available if there is a true common market for renewable energy as envisaged by the EU Renewables Directive. This will be achieved by making it commercially desirable to locate renewable generation capacity in locations that are most effective for it, which will be a key for supporting cost efficient evolution to lower carbon EU energy system.
At present there exists no long-term market for such cross border capacity, for example, which has put a severe commercial risk on EU development of EU wide long-term renewable energy projects. Energy markets, renewables markets, and capacity markets need to be truly international if cost savings are to be achieved while maintaining security of supply, deploying renewables and to empower consumers to deploy cost-optimal renewable energy solutions.
II. INTEGRATING RENEWABLE GENERATION
To explore and assess the innovative market design with related policy and regulations, such as the "Third Legislative Package" improved competition and consumers' protection Today, various market participants (electricity producers, consumers and electricity suppliers, investors, distribution and transmission network operators etc.) operate at different market levels (retail or wholesale) within various sub-markets (day-ahead, intraday, balancing, ancillary services presented in fig.3 ) and trade different products (hourly contracts, peak load, off-peak load etc.). The combination of different electricity sub-markets and direct control mechanisms, the frequency and voltage control services must be obtained to ensure the security of supply in all power system operational levels. Due to the major changes mentioned before, the essential feature of electricity market design will be focused on the System Services (SS), provided by TSOs and Ancillary Services (AS), in their turn -provided to the system operator by generators and consumers. The classification of ancillary services is given in Table I . [5] In practice ancillary services fundamentals are defined by the relevant TSO [5] [6] [7] [8] . This choice should correspond to system characteristics, including needs of the synchronous area/ protection plan and also the capability of the generating technology; they usually include: ancillary services requirements / Interdependencies / Coordination between TSO-DSO-Grid User. The characteristics of the EU Electricity Markets for Frequency control ancillary services in term of Procurement procedure and Remuneration Scheme is given in Table II . RES development technologies are taking number one leadership, by developing highly performant renewables technologies and their integration in the power system. As well as consumers are placed at the centre of the future energy system. Therefore the resilience, security and smartness of the energy system came to front from the technical, organizational, and economic point of view including coordination and integration.
Taking into account all mentioned before the General requirements for system transition are listed in the Table III. -doubling of average ramping-rates -having efficiency losses for part-load -reducing minimum load by 30%
The need for a transition towards a new architecture is based on a number of assumptions regarding the 2030+ power system. The EU power grid is decomposed into a Web-OfCells structure. Each control cell has adequate monitoring infrastructure installed, as well as local reserves capacity enabling them to (partially) resolve voltage and control cell balancing problems locally. Each control cell is managed by a single system operator, who takes responsibility for the realtime reserves activation and dispatching in his cell. Inter-cell reserve exchanges and coordination is included for optimal system-wide management. In each control cell, the control cell operator maintains an accurate view on the overall cell state, and dispatches reserves located in the cell in a secure manner based on his knowledge of the cell state. Frequency Containment Control (FCC) will not be fundamentally changed compared to today's schemes, except that the resources providing containment reserves will be different: generating units (in the broadest sense) as well as loads and storage distributed across the power grid (within each cell). -Reacts to deviations of the absolute frequency value so as to contain any change and stabilise frequency to a steady-state value Frequency Restoration Reserves (FRR) are used to return the frequency to its normal range and to release activated FCR back into use Control includes an increased involvement of Non-programmable RES with centralized and local dispatching. The latter entails DSO to be responsible for the services towards TSO, participating in the ancillary service market Balance Restoration Control (BRC) initiates the restoration of the cell balance and load flows based on local information. It is assumed that (almost) all prosumers, that are connected through public communication infrastructure, will be able to offer fast BRC capacity, e.g. through their flexible loads, and possibly local storage. -Reacts to absolute frequency deviations in conjunction with the tie line deviations from the scheduled interchanges so as to restore both quantities to their initial values Replacement Reserves (RR) are used to restore the required level of operating reserves in the categories of FCR and FRR reserves due to their earlier usage Control includes a number of potential resources at both transmission and distribution levels: consumers at LV distribution level, Distributed Generators as wind and PV, centralised storage as pumped hydro and distributed storage as EVs.
Balance Steering Control (BSC) will replace the BRC in a more economic manner if this can be done safely or adjust the balance set points. It can as well have pro-active activation based on prognoses. This control deploys resources not only within the cell but also from neighbouring cells. -Regulates power balance within a Cell in order to replace BRC reserves or mitigate potential imbalances in a cost effective manner
Voltage control
Primary Voltage control is a process that is performed locally by each network element which has voltage control capability. The future schemes in addition to the conventional power plants are expected to include RES and Microgrids.
Primary Voltage control is not expected to have fundamental changes compared to today's primary voltage control, except that the resources used will be different: generating units (in the broadest sense) as well as loads, storage devices and FACTS. These resources will be procured within every cell, and will thus be distributed over different voltage levels. -Reacts in case of voltage deviations measured in the nodes of the cells as a consequence of a severe disturbance
The secondary voltage control in future grids can cover both the regional control within a certain zone of the TSO's control area and the voltage control at the distribution system level. The secondary voltage and reactive power control at the transmission grid controls the reactive power at certain pilot-nodes in the transmission grid. Each pilot-node is representative for the voltage within a certain zone. The secondary controller changes the reactive power provided by the devices (power plants or reactive power equipment of the TSO (e.g. capacitors banks) or reactive Power provided by distribution grids) within this zone until the voltage at the pilot-node is at the desired level. The secondary voltage and reactive power control of the distribution grid controls the reactive power at certain pilot-nodes in the medium voltage network of the distribution grid. The reactive power requested by the DSO can be provided by one or more aggregators which send the reactive power request to their devices which are present in the zone of a certain MV pilot-node or can be directly controlled by the DSO himself.
Tertiary voltage control is a process that acts on a system wide scale and in a time range of about 10 to 30 minutes. The objective of tertiary voltage is to optimize the operation of the network by maintaining the required voltage quality and the substitution of reactive reserves.
Post-Primary Voltage control (PPVC) has the commitment to bring the voltage levels in the nodes of the power system back to nominal values while optimizing the reactive (and active) power flows in order to reduce the losses in the network.
Each cell is responsible for its own voltage control while a close coordination between neighboring cells guarantees the provision of PPVC service between neighboring cells.
IV. WOC MARKET DESIGNS -ENERGY&CAPACITY
Currently, both day-ahead and intra-day markets are performed based on separated forecasts of energy needs, system congestions, and system contingencies, among others. Obviously, a better approach would be to perform all these forecasts in an integrated and unified manner by web-of-cell concept. Potential changes to the existing ancillary services markets are likely to occur due to the changing requirements of those ancillary services which should be carefully considered to eliminate any unintended consequences [12] . The Market Design rules guiding the ancillary services markets should not preclude technologies that can provide the desired need and this may soon include ancillary services being provided by flexibility sources.
Web-of-Cell methodology [13] would allow network/cell operators to achieve an optimal reliability and decisionmaking under uncertain dynamic conditions. The fig.4 is aiming to demonstrate vision to overall electricity market design with web-of-cell concept and expected auction mechanisms. Overview of the frequency control ancillary services is listed in the Table V. Activation triggered by Δf/Δt restriction. The product could be based on the dynamic characteristics related to its dynamic generation mix and/or the expected deviations from set points that would cause imbalances and set point deviations. 
CONCLUSIONS
The current EU electricity market contains several bidding zones, usually based on historical context and geo-political factors corresponding to a member state. The new role of the system operators and of the new actors is to guarantee the quality and security of supply at minimal costs within the market framework in force. This function contains specific requirements for all the EU synchronous system with a particular focus on the future market design for electricity, taking into account the current structural changes.
In the future power system scheme, TSOs will be able to control significantly lower part of the generation compared to the traditional centralized configuration, and thus they will not be able any more to compensate large deviations in the power balance, therefore the concept of web-of-cell were presented. Even theoretically a large power imbalance could be faced with accurate day-ahead predictions of decentralized generation and electricity demand of load centers, in practice this will be very difficult due to the intermittent distributed generation profile. Moreover, increased electricity loads and sources such as EVs and residential PV systems, will influence the balance between day-ahead production and consumption schedule and will leave energy markets with higher and less predictable need for balancing power.
